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SUMMARY  
 
Regenerator type storage systems using extended heat transfer surface represent the state-of-
the-art in latent heat storage. These systems show a decreasing heat flux while discharging 
due to the coupling of heat exchanger and storage material. The PCMflux concept aims to 
overcome this disadvantage by the separation of power and capacity. Here, the storage 
material is filled into open containers made of aluminium that are moved over a heat 
exchanger. This offers the possibility to control the heat flux of the storage system while 
discharging by adjusting the velocity of the containers. The theoretical examination of this 
concept is finished and an experimental proof-of-concept was constructed. Within this paper, 
the PCMflux concept is briefly outlined and the experimental setup is described. First 
experimental results show both the feasibility of the PCMflux concept and the good 
agreement between theory and practice. 
 
INTRODUCTION 
 
With a rising integration of fluctuating renewable energy sources into the energy mix 
worldwide, energy storage becomes increasingly important. With large scale energy storage, 
electricity production can be adjusted to consumption. Thereby, supply and demand are 
smoothed and grid stability is improved.  
One possibility to produce green and dispatchable electricity is the use of solar thermal power 
plants with large scale thermal heat storage. In this context, the combination of direct steam 
generation and the deployment of a latent heat storage promises good efficiencies. This is due 
to small occurring temperature differences between the phase change material (PCM) and the 
heat transfer fluid (HTF).  
However, the state-of-the-art latent heat storage has a disadvantage, where the heat 
exchangers are immersed directly into the PCM. While discharging, the crystallizing PCM 
covers the heat exchanger and builds up a growing isolating layer. This results in a significant 
heat flux drop over time. Details about this storage systems can be found in literature (Laing 
et al. 2011a, 2011b, 2011c).  
The presented work is part of the “nextPCM” project supported by the German Federal 
Ministry for the Environment, Nature Conservation and Nuclear Safety. Its main aim is the 
development and demonstration of an innovative latent heat storage concept named PCMflux 
that overcomes the heat flux drop while discharging and stays fully controllable throughout 
operation. Within this paper, the PCMflux concept is described briefly and the first results of 
the experimental proof-of-concept are given. 
 
METHODS  
 
The PCMflux concept faces the challenge of decreasing heat flux while discharging by 
separation of power and capacity (Steinmann, 2009). This is realized by the physical 
separation of PCM and heat exchanger. Thereby, the PCM is filled into thin aluminium foil 
containers that can be moved slowly over a locally fixed heat exchanger. The heat exchanger 
consists of a heat exchanger tube and a connected aluminium fin, see Figure 1. These two 
components are referred to as a heat exchanger. While passing the heat exchanger, the PCM 
changes phase completely.  
In the experimental proof-of-concept the eutectic mixture of sodium and potassium nitrate 
𝑁𝑎𝑁𝑂3(46𝑤𝑡%) − 𝐾𝑁𝑂3(54𝑤𝑡%)  with a melting temperature of 𝑇𝑚,𝑃𝐶𝑀 = 222 °𝐶  is 
employed as a PCM.  
To avoid dry contact and the resulting significant thermal resistance between containers and 
heat exchanger, an intermediate fluid is introduced onto the heat exchanger. As this fluid, 
Hitec® is used. It is a commercial nitrate salt mixture with a melting temperature of 𝑇𝑚,𝐹 =
140 °𝐶 − 142 °𝐶 (Janz and Truong, 1983; Raade and Padowitz, 2011). The intermediate fluid 
layer stays liquid throughout discharging and charging the PCM due to its significantly lower 
melting temperature than the PCM. Therefore, the movement of the PCM containers is not 
interfered with. The behavior of the thermal resistance between the heat exchanger and 
containers with and without fluid layer for different process variables was examined 
experimentally. The employment of the fluid layer increases heat transfer between PCM and 
heat exchanger by the factor of 9.9 compared to dry contact. Details about this study are given 
in (Pointner et al., 2014c). To keep the fluid in its position the heat exchanger is bowl-shaped, 
for details see Figure 1.  
The containers are connected to each other with a wire system. These wires are made of thin 
and flexible steel cables. To move the PCM containers into one direction, an electrical 
positioning motor pulls the wires to make the containers move. Small velocities in the range 
from 𝑣 = 3 ∙ 10−5𝑚/𝑠 up to 𝑣 = 5 ∙ 10−4𝑚/𝑠 are realized by the implementation of a gear 
with a transmission ratio of 𝑖 = 625.73 ∶ 1. The integrated control mechanism in the motor 
allows the minimization of the error to less than 1 %.  
For charging, the containers are moved to the right side within the experimental setup. In this 
case, the containers enter the heat exchanger on the left side, see Figure 1, and sink down to 
the bottom of the fluid wetted heat exchanger. After a complete phase change on top of the 
heat exchanger, the containers are moved out of the heat exchanger and are stored on a guide 
system. For the discharging process, the movement of the storage material containers is 
achieved into the other direction.  
Choosing a specific forward velocity 𝑣  that depends on different process, geometry and 
material variables such as temperature difference between PCM and HTF (Δ𝑇), heat of fusion 
and size of heat exchanger, results in the establishment of a quasi-stationary phase change 
interface inside the moving PCM. As soon as this state is developed, a constant thermal power 
output while discharging is realized. The heat flux thereby can be controlled accurately by the 
forward velocity of the PCM containers. The PCMflux concept and the general correlation 
between forward velocity and resulting heat flux via a dimensionless number 𝐾𝐹𝑙𝑢𝑥  is 
described in detail in (Pointner et al. 2014a, 2014b). 
 
 The principle system shown in Figure 1 is isolated and connected to a thermal oil supplier 
unit. The thermal oil is used as a HTF instead of a water-steam system for the experimental 
proof-of-concept in order to reduce possible sources of errors. The experimental setup has a 
length of 1.45 𝑚, a width of 0.52 𝑚 and a height of 0.4 𝑚 including insulation. The position 
of the phase change interface inside the PCM containers is observed by a thermographic 
camera which is mounted above the experimental setup. A window of 𝑍𝑛𝑆𝑒 is put into the top 
insulation cover above the heat exchanger. This crystal allows the infrared camera the 
detection of the infrared radiation inside the experimental setup and makes the observation of 
the phase change interface of the PCM possible. An image of the experimental setup without 
top cover insulation is shown in Figure 2 (a). Additionally, an image of the PCM filled 
aluminium foil containers is given in Figure 2 (b). 
The results presented in the following chapter base on an exemplary discharging process with 
a PCM height inside the containers of 5 𝑚𝑚, an effective temperature difference between 
PCM melting temperature and HTF temperature of Δ𝑇 = 6.2 𝐾 and a forward velocity of the 
containers of 𝑣 =   1.7 ⋅ 10−4𝑚/𝑠. 
 
 
Figure 1: Scheme of one PCMflux module with main components 
  
Figure 2: (a) Picture of the experimental setup with main components of the PCMflux 
concept; (b) With PCM filled aluminum foil containers entering the heat exchanger 
RESULTS AND DISCUSSION 
 
At the beginning of the discharging process, all of the PCM inside the containers is 
completely melted and has a temperature slightly above the melting temperature of 𝑇 =
226 °𝐶. All containers are located on one side of the experimental setup on the guide system, 
see Figure 1 and Figure 2. The discharging temperature of the HTF is set to its discharging 
value to obtain a temperature difference of Δ𝑇 = 6.2 𝐾 . After reaching a constant 
temperature, the electrical motor is switched on and the PCM containers start moving and the 
thermographic camera starts recording.  
The results show the establishment of a quasi-stationary state resulting in a locally-fixed 
phase change interface inside the PCM containers even though the containers are moving. An 
original image from the infrared camera of the established quasi-stationary state can be seen 
in Figure 3. The infrared camera only measures a narrow section in the middle of each PCM 
container into the direction of movement. Due to connected heat losses, the area of 
measurements through the 𝑍𝑛𝑆𝑒-crystal is minimized. The centred area of the containers is 
the most suitable for measurements, since boundary effects have lowest influence there. The 
crystal and measurement area covers the whole length of the heat exchanger. Both the 
entrance and the exit areas, where the PCM containers enter and leave the heat exchanger, are 
directly on the borders of the image. Figure 3 shows four PCM containers schematically 
located on the heat exchanger with the original infrared image of the measurement area placed 
in the middle to clarify the position of the measurement.  
The containers move from the right to the left over the heat exchanger and change phase. 
Right after entering the heat exchanger on the right of the infrared picture in Figure 3, the 
PCM is fully liquid. This can be seen clearly by a smooth temperature distribution within the 
right PCM container signifying a consistent surface that is only possible for liquid PCM. On 
the way to the left, the PCM starts to change phase. This is signalized by a rougher 
temperature distribution in the three left containers with crystallizing PCM. While changing 
phase, the emission coefficient of the PCM also changes. This effect is detected by the 
thermographic camera with a fictive increase of temperature, turning the colour from orange 
to red. This effect indicates the beginning of phase change, while in reality there is no 
increase of temperature. After a complete phase change, the PCM cools down until the colour 
turns over white to blue. Right at this point, the PCM can be viewed to be solidified 
completely. The thermographic camera is calibrated for liquid PCM, the absolute values of 
the temperature of the solid PCM deviates from reality due to the change of the emission 
coefficient. The emission coefficient is higher for solid PCM than for liquid PCM and since 
higher emission coefficients lead to higher temperatures, measured temperatures underneath 
the melting temperature show solidified PCM. Moreover, the complete solidification of the 
PCM was checked optically during the experiments.  
Since the infrared image shows the quasi-stationary state, the image does not change 
significantly with time. Mainly, the only change is the moving aluminium foil walls of the 
PCM containers. That is why a constant heat flux over time is achieved. By varying the 
forward velocity, the position of this phase change interface can be adjusted. Since the 
velocity of 𝑣 =   1.7 ⋅ 10−4𝑚/𝑠  was calculated via 𝐾𝐹𝑙𝑢𝑥  as the maximum one for this 
circumstances, the position of the phase change interface is expected to be at the end (here: on 
the left side) of the heat exchanger (Pointner et al. 2014a, 2014b). This can be seen in Figure 
3. Increasing the velocity in this case leads to an incomplete phase change, since the PCM 
does not have enough time to change phase while being on the heat exchanger. With a 
decrease in forward velocity, however, the position of the phase change interface at the quasi-
stationary state can be moved to any position closer to the right side. In this case, the heat 
transfer area of the heat exchanger is no longer used completely and the heat flux of the 
storage system decreases. But here again, the resulting heat flux is constant over time. 
Consequently, the heat flux of any PCMflux module configuration can be controlled by 
moving the quasi-stationary phase change interface along the heat exchanger by varying the 
forward velocity 𝑣 of the PCM containers. This leads to a fully controllable latent heat storage 
system with constant heat flux over the whole operational time at the desired levels. 
 
 
CONCLUSIONS 
 
Within this paper, the principles of the PCMflux concept are briefly described. In a second 
step, the experimental setup for the proof-of-concept is outlined and the methodology for 
observing the phase change interface is given. The experimental proof-of-concept shows the 
feasibility of the PCMflux concept and the agreement of the developed theory with reality. 
The PCMflux concept allows the full control of the heat flux over the whole operational time 
of the storage system. As next steps, experiments at the described experimental setup will be 
completed and evaluated with a high variation of different parameters. Moreover, a pilot plant 
of the PCMflux concept with heat fluxes of up to 5 𝑘𝑊 is being planned and constructed. 
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